To investigate the efficacy of bone subtraction CT angiography (BSCTA) for the evaluation of steno-occlusive intra-and extracranial vascular diseases. Materials and Methods: Fifty-six patients were examined using 64-slice multidetector CT and digital subtraction angiography (DSA). For BSCTA, both nonenhanced CT and enhanced CT angiography (CTA) data sets were obtained. The stenotic degree of each vascular segment was assessed and classified into 5 grades. With DSA as the standard, CTA images were compared. Results: For the evaluation of the extracranial vessels, 370 arterial segments were analyzed, and the stenotic degree revealed by CTA and DSA agreed in 359 (97.0%). There was a significant correlation between CTA and DSA (Rs = 0.974). For depiction of ≥ 50% stenosis, the sensitivity, specificity, and diagnostic accuracy of BSCTA were 100%, 98.2%, and 98.6%, respectively. For the intracranial arteries, 1029 segments were analyzed, and CTA agreed with DSA in 966 (93.9%). There was a significant correlation between CTA and DSA for stenotic degree (Rs = 0.880). For the depiction of ≥ 50% stenosis, the sensitivity, specificity, and diagnostic accuracy of CTA were 100%, 95.8%, and 96.0%, respectively. In all 74 segments of disagreement, the degree of stenosis was overestimated on CTA. Conclusion: BSCTA is comparable to DSA for the evaluation of steno-occlusive intra-and extracranial vascular diseases. However, the stenotic degree tends to be overestimated on BSCTA, especially in cases of wall calcifications.
INTRODUCTION
CT angiography (CTA) is a noninvasive imaging method to detect arterial stenosis, cerebral aneurysm, and other vascular abnormalities. With the development of multidetector CT (MDCT) technology, the scan range and diagnostic accuracy of CTA has increased. But there are some limitations for the evaluation of intra-and extracranial vascular diseases with conventional CTA technique. Separating vessels from the bone or perivascular calcifications can be difficult, particularly in areas such as the skull base (1). This limitation can be a barrier to its use in clinical practice. A further difficulty is that three dimen-was obtained in the remaining two patients. In all patients, CTA examinations were performed before DSA. The mean interval between CTA and DSA examinations was 9.3 days (range: 0-28 days).
CTA Protocol
All CTA examinations were performed with 64-slice MDCT systems (Brilliance 64; Philips Healthcare, Best, the Netherlands/LightSpeed VCT; GE Healthcare, Milwaukee, WI, USA). 
Imaging Post-Processing
The data were transferred to a personal computer. Subtraction process of the transverse source images and 3D reconstruction of the subtracted images were performed with commercially available software (Rapidia; Infinitt, Seoul, Korea).
After loading both nonenhanced and contrast-enhanced data sets in memory, registration (translation and rotation) of both data sets was performed. The software then started subtraction process. From the subtracted data, 3D CTA images were reconstructed using volume rendering and maximum intensity projection techniques. A series of 36 projection images at every sion (3D) reconstruction of CTA source data using conventional methods is time-consuming and highly operator dependent.
Bone subtraction technique offers the potential for an effective, rapid, and semi-automated procedure with improved distinction between bones and vessels (2, 3).
There have been several reports of bone subtraction CTA (BSCTA) for the evaluation of steno-occlusive intra-and extracranial vascular diseases. However, most of them were limited in case numbers and confined to only the carotid bifurcations or the intracranial vessels (4-7).
The purpose of this study was to investigate the efficacy of BSCTA for the evaluation of the steno-occlusive diseases in all intra-and extracranial arteries at the same time.
MATERIALS AND METHODS

Patients
This retrospective study was approved by our Institutional Re- When a diffusely small diameter of the A1 segment of the ACA, P1 segment of the PCA, or the VA was identified, it was excluded from the analysis.
Statistical Assessment
The relationship between BSCTA and DSA in terms of grades of stenosis was estimated with Spearman rank correlation coefficient (Rs). The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy of BSCTA for detection of ≥ 50% stenosis were calculated, with DSA as the standard of reference.
RESULTS
Extracranial Carotid and Vertebral Arteries
For the evaluation of the extracranial arteries, 370 arterial segments were analyzed, and DSA identified 109 (29.5%) stenotic (≥ 30%) segments (22 with mild stenosis, 12 with moderate stenosis, 55 with severe stenosis, and 20 with occlusion).
The most common steno-occlusive segment was ICA bulb (74/109, 67.9%) ( Table 1 ). The agreement between the degree of stenosis revealed by BSCTA and DSA was almost perfect except for 11 segments (359/370, 97.0%) ( There was a significant correlation between CTA and DSA (Rs = 0.974, p < 0.001) for the degree of stenosis. In all 11 segments of disagreement, the stenotic degree was overestimated at BSC-TA by one (n = 8), two (n = 2), or three grades (n = 1), respectively. For the depiction of ≥ 50% stenosis, the sensitivity, speci-10-degree around the cephalocaudal axis were generated ( Each arterial segment was considered to be a separate vessel and was scored. The extracranial arteries were separately evaluated as eight anatomic segments: right and left CCA, internal (Table 4 ).
There was a significant correlation between CTA and DSA (Rs = 0.880, p < 0.001) for the stenotic degree. In all 63 segments of disagreement, the degree of stenosis was overestimated at BSC- (Table 5 ). For the depiction of ≥ 50% stenosis, the sensitivity, specificity, PPV, NPV, and diagnostic accuracy of CTA were 100%, 95.8%, 58.2%, 100%, and 96.0%, respectively.
DISCUSSION
CTA is a non-invasive widely available technique. There have been many studies on its accuracy and comparability for detecting major intra-or extracranial arterial stenosis (8, 10, 11).
However, there are few reports which include, as in our study, the entire intra-and extracranial arteries in a single scan range by CTA. Conventional CTA has several limitations, one of which Note.-ACA = anterior cerebral artery, BA = basilar artery, ICA = internal carotid artery, MCA = middle cerebral artery, PCA = posterior cerebral artery, VA = vertebral artery Concordance rate = 966/1029 = 93.9% Note.-CTA = CT angiography, DSA = digital subtraction angiography A B Fig. 4 . A 59-year-old male patient with left cavernous ICA stenosis. A. DSA image shows focal luminal narrowing in the left cavernous ICA (arrow). B. On BSCTA, the stenotic lesion (arrow) is overestimated compared to DSA. Note.-BSCTA = bone subtraction CT angiography, DSA = digital subtraction angiography, ICA = internal carotid artery In our study, for the assessment of the degree of arterial stenosis, the agreement between BSCTA and DSA was 94.7% (1325/1399). Added to that, for the ICA-bulb, had the highest prevalence of stenosis (67.9%, 74/109) in this study, the agreement rate was 95.4%. This is similar to the total agreement rate in our study. Our result for the ICA-bulb lesions is similar to those of the previous reports in which the agreement rate ranged from 82% to 95% (8, (12) (13) (14) .
The relatively small diameter and tortuous course of the VA compared to the extracranial carotid artery limit complete and accurate assessment of the degree of stenosis with CTA. In our study, for the evaluation of the extracranial VA stenosis, the agreement rate of the stenotic degree revealed by BSCTA and DSA and the depiction of ≥ 50% stenosis with CTA were comparable to those of the extracranial carotid and intracranial arteries.
In a recent prospective study and a meta-analysis, CTA showed high sensitivity and specificity for detecting ≥ 50% stenosis (15, 16) . Their sensitivity and specificity were 58-100% and 92-95.2%, respectively, similar to our study (100%, 93.3%). However, for the interpretation of conventional CTA images, it takes longer com- This study has several limitations. First, DSA was considered as the reference data, which may create a standard bias. Second, DSA was performed after CTA in all patients, so difficult segments for catheterization such as stenotic proximal VA did not undergo DSA. This can result in selection bias. Third, most patients in this study had significant stenosis in the extracranial carotid arteries, as revealed on CTA, and they were candidates for stenting angioplasty, which can also cause a selection bias.
In conclusion, we evaluated steno-occlusive intra-and extracranial vascular disease with BSCTA in a single scan range. The agreement and correlation coefficient of the degree of stenosis between BSCTA and DSA was excellent. However, the stenotic degree tends to be overestimated on BSCTA, especially in cases of wall calcifications.
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For the assessment of intracranial arterial stenosis, previous reports with conventional CTA showed high sensitivity and specificity (11, 17, 18) . However, many did not include the petrous and cavernous segments because separation of these arterial segments from the skull was difficult. In our study, with bone subtraction technique, we could evaluate the entire intraand transcranial arterial segments. The agreement rate between BSCTA and DSA was 93.9%. For the detection of ≥ 50% stenosis, the sensitivity was 110%, specificity 95.8%, and diagnostic accuracy of CTA in our study was 96.0%. Our result is similar to previous reports (11, 17, 18 삼성서울병원 영상의학과
